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PWM SYSTEM INVERTER 
[SUMMARY] 

To provide a PWM light control system in which occurrence of incomplete beat can be 
suppressed. In a PWM light control system inverter circuit for driving a multi-lamp 
back light becoming the light source of a liquid crystal display, each inverter output 
corresponding to each lamp of the back light is turned on/off while shifting the phase. 

[REPRESENTATIVE DRAWING] 
Drawing 6 

[SPECIFICATION] 

[BRIEF DESCRIPTION OF THE DRAWINGS] 

Drawing 1. It is drawing having shown the difference in brightness change of the PWM 
modulated light method inverter of the conventional technique and the PWM modulated 
light method inverter of this invention. 

Drawing 2. It is drawing having shown the difference in brightness change of the PWM 
modulated light method inverter of the conventional technique and the PWM modulated 
light method inverter of this invention. 

Drawing 3 . It is drawing having shown the difference in brightness change of the PWM 
modulated light method inverter of the conventional technique and the PWM modulated 
light method inverter of this invention. 

Drawing 4. It is drawing having shown the example of the PWM burning sequence of 
the PWM modulated light method inverter of this invention. 

Drawing 5. It is drawing having shown the example of the PWM burning sequence of 
the PWM modulated light method inverter of this invention. 

Drawing 6. It is drawing having shown the example of the PWM burning sequence of 
the PWM modulated light method inverter of this invention. 

Drawing 7. It is drawing showing the brightness change for every frame at the time of 
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using a current modulated light method inverter and the PWM modulated light method 
inverter of the conventional technique in no MARURI White LCD. 
Drawing 8. It is drawing showing the difference in the brightness change at the time of 
using the PWM modulated light method inverter of the conventional technique, and 
doubling the number of lamps of a back light. 

[DETAILED DESCRIPTION OF THE INVENTION] 
[OBJECT OF THE INVENTION] 

[TECHNICAL FIELD OF THE INVENTION AND THE CONVENTIONAL ART] 
This invention relates to the PWM inverter circuit for liquid crystal displays. It is related 
with the PWM control system of the inverter of the modulated light method inverter 
circuit for liquid crystal displays in more detail. 

Generally a back light is used for a liquid crystal display as the light source, and when 
you need high brightness, two or more lamps are used. 

The current modulated light method which a lamp current is changed to a modulated 
light method at a linear, for example, sets a lamp current to 3mA for a lamp current at 
the time of 5mA and modulated light min at the time of modulated light max, The lamp 
current at the time of burning has the PWM modulated light method which carries out 
intermittent burning (burning and putting out lights are repeated) of the lamp as fixed, 
and adjusts time average luminance, and.the brightness ratio in the time of lamp burning 
and putting out lights has become 100% : 0% by the latter PWM modulated light 
method. In recent years, since the modulated light range can be made large, an PWM 
modulated light method is becoming in use. 

[TECHNICAL MATTER TO BE ACHIEVED BY THE INVENTION] 
After a liquid crystal display writes desired potential in the retention volume of a 
display device by one frame (frame period = about 60Hz), by the time it writes it in with 
the following frame for example, with a TFT-liquid-crystal panel, the charge of 
retention volume will discharge gradually, and the panel permeability of a liquid crystal 
display component changes gradually within one frame. In the liquid crystal display 
which made the back light the light source, panel brightness multiplies back light 
brightness by panel transmission, and is obtained (namely, [panel brightness] =[back 
light brightness] x [panel transmission]), and though natural, it changes gradually 
[ panel brightness ] within one frame. Since the frequency of this panel permeability 
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change and panel brightness change turns into frame frequency (namely, about 60Hz), it 
is not checked by looking by peopled eyes. 

In the above-mentioned current modulated light method inverter, when a lamp current is 
lowered and brightness is lowered, as above-mentioned back light brightness only 
changes and it is shown in (a) of drawing 7 , and (b), also when the amplitude of 60Hz 
brightness change decreases simply and brightness is lowered by current modulated 
light, it is not checked by looking; In addition, drawing 7 is the graph which showed the 
brightness change for every frame urthe normally white LCD in the conventional 
technique. The reference mark a in drawing shows the brightness change for every ON 
of PWM at the time of PWM modulated light (a lamp current is IL at the time of ON), 
and a fluctuation frequency is 150Hz (PWM frequency). The reference mark b shows 
the change for every frame of the average luminance in one frame at the time of PWM 
modulated light (a lamp current is IL at the time of ON), a fluctuation frequency is 
below 30Hz (1 / 2 frame frequency), and an PWM frequency is 150Hz. The reference 
mark c shows the brightness change for every frame at the time of current modulated 
light (a lamp current is IL), and a fluctuation frequency is 60Hz (frame frequency). The 
reference mark d shows the change for every frame at the time of current modulated 
light (a lamp current is IL (1/2)), and a fluctuation frequency is 60Hz (frame frequency), 
moreover, F - n frames and Fl - in a frame (n+3) and F4, a frame (n+4) and F5 show a 
frame (n+5), and, as for a frame (n+1) and F2, F6 shows, [ a frame (n+2) and F3 ] the 
frame (n+6), respectively. 

However, in order that an PWM modulated light method inverter may repeat burning 
and putting out lights on an PWM frequency, an observer will look at what sampled the 
panel brightness change for every frame of a TFT-liquid-crystal display device on the 
PWM- frequency. Although itself is not checked by looking in order to usually be 
referred to as 100Hz or more, as an PWM frequency shows drawing 7 by interference of 
frame frequency and an PWM frequency, the average luminance in one frame becomes 
less than [ less than / 1/2 or less / of frame frequency ], i.e., 30Hz, and it will be checked 
by looking by people's eyes. 

Thus, it write in for every frame, and in the combination of the inverter of the hold mold 
display device which hold, and an PWM modulated light method, if the component of 
1/2 or less frame frequency occur intrinsically and space expansion of the time variation 
be carry out in the vertical actuation direction, when brightness change of the shape of a 
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wave 30Hz or less will occur and the amplitude of brightness change will become more 
than the sensibility of people eyes, the phenomenon generally call a beat will occur and 
a poor display will be cause. 

As for this phenomenon, change of panel brightness becomes large, so that the relation 
(namely, [panel brightness] =[back light brightness] x [panel transmission]) between the 
already described panel brightness, and back light brightness and panel transmission 
may also show and back light brightness is high at a multi-LGT type, as shown in (a) of 
drawing 8 , and (b) even if panel transmission is equal, and a poor beat becomes is 
easier to be checked by looking. In addition, drawing 8 is a graph which shows the 
difference in average luminance when the numbers of lamps differ in the PWM 
modulated light method of the conventional technique. In addition, the reference mark f 
shows the change for every frame of the average luminance in one frame at the time of 
PWM modulated light (the number of lamps = Nx2), the reference mark e in drawing 
shows the brightness change for every ON of PWM at the time of PWM modulated 
light (the number of lamps = Nx2), and an PWM frequency is [ amplitude =Abx2 and a 
fluctuation frequency are below 30Hz (1/2 frame frequency), and ] 150Hz. The 
reference mark g shows the brightness change at the time of ON of PWM at the time of 
PWM modulated light (the number of lamps = N), and a fluctuation frequency is 150Hz 
(PWM frequency). The reference mark h shows the change for every frame of the 
average Juminance in one frame at'the^time of current modulated light (the number of 
lamps = N), amplitude =Ab and a fluctuation frequency are below 30Hz (1/2 frame 
frequency), and an PWM frequency is 150Hz. 

The liquid crystal display which has prevented generating of a flicker is indicated by 
JP,7-325286,A by controlling an inverter circuit to make n vertical period (two or more 
integers) of a liquid crystal display panel carry out the flash of the light source for back 
lights m times (integers other than the multiple of n which satisfies m>n). 

Moreover, JP,6-333695,A is made to memorize experimentally in quest of the 
combination of the frequency which the beat of the dispatch frequency for fluorescent 
lamp burning of the back light of a liquid crystal display and the chopper frequency for 
modulated light produces beforehand, and when it becomes the frequency relation 
which this beat produces, the control approach to which the dispatch frequency for 
fluorescent lamp burning is shifted is indicated. 
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However, the conventional PWM modulated light method inverters for multi-LGT type 
back lights including what was indicated by the above-stated official report are carrying 
out ON/OFF of all the lamps simultaneously on the PWM frequency. 

For this reason, a poor beat is easy to be checked by looking, so that brightness change 
on an PWM frequency is 100% : 0%, and it is high brightness, and it is many LGTs 
namely. 

Current and a liquid crystal display are in the inclination of a raise in brightness, and we 
are anxious about this problem actualizing from now on. 

This invention solves the problem generated when a high brightness back light and an 
PWM modulated light method inverter are combined with such a hold mold display 
device, and aims at offer of the PWM modulated light method which can control 
generating of a poor beat. 

[CONSTITUTION OF THE INVENTION] 
The PWM inverter circuit with which this invention is concerned is characterized by 
shifting a phase and performing mutually, ON/OFF of each inverter output 
corresponding to each lamp of the multi-LGT type back light concerned in the PWM 
modulated light method inverter circuit which drives the multi-LGT type back light 
which serves as the light source in a liquid crystal display. 

This invention - the PWM inverter circuit concerned like is characterized by 
distributing uniformly the timing of ON of ON/OFF of each inverter output 
corresponding to each lamp of the multi-LGT type back light concerned within 1 period 
of an inverter in the PWM modulated light method inverter circuit which drives the 
multi-LGT type back light which serves as the light source in a liquid crystal display. 

As an inverter circuit of the PWM modulated light method inverter in connection with 
this invention, it is applicable to the internal commuted inverter represented in a ROIYA 
circuit, and an external commutated inverter. 

In order to carry out ON/OFF of all the lamps of a back light simultaneously (for 
example, since the PWM modulated light method inverter for multi-LGT type back 
lights of the conventional technique also becomes panel brightness change within one 
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frame with twice as shown in drawing 8 when the number of lamps is doubled and back 
light brightness is made into twice), the panel change amplitude for every frame of the 
average luminance in one frame also becomes twice, and a poor beat becomes is easier 
to be checked by looking. 

In order to simplify explanation, 1 LGT type and 2 LGT type back light are explained to 
an example. 

The lamp burning sequence in the conventional technique and the PWM modulated 
light method of this invention is shown in drawing 1 -3. In addition, (a) of drawing 1 , 
(a) of drawing 2 , and (a) of drawing 3 show the lamp burning sequence of the 
conventional technique, and (b) of drawing 1 , (b) of drawing 2 , and (b) of drawing 3 
show the lamp burning sequence of this invention. 

With the conventional technique, as shown in (a) of drawing 1 , (a) of drawing 2 , and 
(a) of drawing 3 , in order to carry out ON/OFF of the two lamps (namely, a lamp i and 
a lamp 2) simultaneously in the case of 2 LGT type back light, back light brightness 
change (brightness difference at the time of ON and OFF) becomes twice the brightness 
of 1 LGT type. In addition, (a) of drawing 1 shows the case of 70% of rates of duty, (a) 
of drawing 2 shows the case of 50% of rates of duty, and (a) of drawing 3 shows the 
case of 20% of rates of duty. 

Since the timing of ON is uniformly distributed within 1 period of an inverter to it by 
not simultaneous-turning on two lamps (namely, a lamp 1 and a lamp 2), and not turning 
them off, but shifting a phase in the burning sequence of this invention using a delay 
circuit better known than before, back light brightness change serves as lamp 1 duty 
equivalent to 1 LGT type. 

Thus, when using an PWM modulated light method inverter for a multi-LGT type back 
light, by not carrying out simultaneous ON/OFF of the burning sequence of each lamp, 
but shifting and carrying out ON/OFF of the phase, back light brightness change can be 
made the same as the time of lamp 1 LGT, it becomes possible not to make panel 
brightness change increase also in a multi-LGT type back light, and a poor beat can be 
prevented. If it is made to distribute the timing of ON uniformly within the 1 period T of 
an inverter as especially shown in (b) of drawing 1 , and (b) of drawing 3 , it can be 
made to change so that panel brightness may not be set to 0. 
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Example 1: Drawing 4 -6 of operation are an PWM burning sequence in connection 
with the operation of this invention. All make the example the case where the number of 
lamps of a back light is four. 

As for (a) of drawing 4 , the rate of duty (b) of drawing 4 a case 100% In the 90% case 
[ the rate of duty ] As for (c) of drawing 4 R> 4, the rate of duty (d) of drawing 4 a case 
80% In the 70% case [ the rate of duty ] As for (a) of drawing 5 , the rate of duty (b) of 
drawing 5 a case 60% In the 50% case [ the rate of duty ] (c) of drawing 5 - the rate of 
duty - 40% case - (d) of drawing 5 - as for (a) of drawing 6 , the rate of duty shows 
[ the rate of duty / the rate of duty ] the case 10% the case 20% the case 30%, 
respectively, as for (b) of drawing 6 . The upper case of 6 shows the wave form chart 
showing change of brightness from drawing 4 , and the lower berth is a graph which 
shows the condition of burning of lamps 1-4, or putting out lights. 

In (a) of drawing 4 (the rate of duty is 100%), brightness becomes the sum of the 
brightness of a lamp 1, a lamp 2, a lamp 3, and a lamp 4, and brightness change is 0. 

When the division of a time-axis is set to tl (second) in (b) of drawing 4 (the rate of 
duty is 90%), 5t of periods T of an inverter is 1 (second). 4.5t of lamps 1 is turned on 1 
(second) between after the putting-out-lights condition between 0.5tl (second) between 
the 1 periods T (second). Between the 1 periods T (second), after 0.5t lights up 1 
(second) between first, 0.5t puts out the light 1 (second) between, and 4t of lamps 2 is 
turned on 1 (second) between. Between the 1 periods T (second), after switching on the 
light between tl (second) first, 0.5t puts out the light 1 (second) between, and 3.5t of 
lamps 3 is turned on 1 (second) between, Between the 1 periods T (second), after 1.5t 
lights up 1 (second) between first, 0.5t puts out the light 1 (second) between, and 3t of 
lamps 4 is turned on 1 (second) between. > 

5t (the rate of duty is 80%) also of cases of (c) of drawing 4 of the period T of an 
inverter is also 1 (second). 4t of lamps 1 is turned on 1 (second) between after the 
putting-out-lights condition between tl (second) between the 1 periods T (second). 
Between the 1 periods T (second), after switching on the light between tl (second) first, 
the light is put out between tl (second), and 3t of lamps 2 is turned on 1 (second) 
between. Between the 1 periods T (second), after,2t lights up 1 (second) between first, 
the light is put out between tl (second), and 2t of lamps 3 is turned on 1 (second) 
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between. Between the 1 periods T (second), the light is put out between tl (second), and 
a lamp 4 is turned on between tl (second), after 3t lights up 1 (second) between first. 

5t (the. rate of duty is 70%) also of cases of (d) of drawing 4 of the period T of an 
inverter is also 1-. (second). 3.5t of, lamps 1 is turned on 1 (second) between after the 
putting-out-lights condition between 1.511 (second) between the 1 periods T (second). 
Between the 1 periods T (second), after 1.5t lights up 1 (second) between first, 1.5t puts 
out the light 1 (second) between, and 2t of lamps 2 is turned on 1 (second) between. 
Between the 1 periods T (second), after 3t lights up 1 (second) between first, 1.5t puts 
out the light 1 (second) between, and 0.5t of lamps 3 is turned on 1 (second) between. 
Between the 1 periods T (second), after putting out the light between tl (second) first, 
3.5t lights up 1 (second) between, and 0.5t of lamps 4 is switched off 1 (second) 
between. 

5t (the rate of duty is 60%) also of cases of (a) of drawing 5 of the period T of an 
inverter is also 1 (second). 3t of lamps 1 is turned on 1 (second) between after the 
putting-out-lights condition between 2tl (second) between the 1 periods T (second). 
Between the 1 periods T (second), 2t puts out the light 1 (second) between, and a lamp 2 
is turned on between tl (second), after 2t lights up 1 (second) between first. Between 
the 1 periods T (second), 3t puts out the light 1 (second) between, and a lamp 3 is turned 
on between tl (second), after switching on.the light between tl (second) first. Between 
the 1 periods T (second), after switching on the light between tl (second) first, 2t puts 
out thelight 1 (second) between, and 2t of lamps 4 is switched off 1 (second) between. 

5t (the rate of duty is 50%) also of cases of (b) of drawing 5 of the period T of an 
inverter is also 1 (second). 2.5t of lamps 1 is turned on 1 (second) between after the 
putting-out-lights condition between 2.5tl (second) between the 1 periods T (second). 
Between the 1 periods T (second), after 2.5t lights up 1 (second) between first, 2.5t of 
lamps 2 is switched off 1 (second) between. Between the 1 periods T (second), after 2.5t 
puts out the light 1 (second) between first, 2.5t of lamps 3 is turned on 1 (second) 
between. Between the 1 periods T (second), after 2.5t lights up 1 (second) between first, 
2.5t of lamps 4 is switched off 1 (second) between. 

5t (the rate of duty is 40%) also of cases of (c) of drawing 5 of the period T of an 
inverter is also 1 (second). 2t of lamps 1 is turned on 1 (second) between after the 
putting-out-lights condition between 3tl (second) between the 1 periods T (second). 



8 



Between the 1 periods T (second), after putting out the light between tl (second) first, 2t 
lights up 1 (second) between, and 2t of lamps 2 is switched off for 1 second. Between 
the 1 periods T (second), 3t puts out the light 1 (second) between, and a lamp 3 is turned 
on between tl (second), after switching on the light between tl (second) first. Between 
the 1 periods T (second), 2t lights up 1 (second) between, and a lamp 4 is switched off 
between tl (second), after 2t puts out the light 1 (second) between first. 

5t (the rate of duty is 30%) also of cases of (d) of drawing 5 of the period T of an 
inverter is also 1 (second). 1.5t of lamps 1 is turned on 1 (second) between after the 
putting-out-lights condition between 3.5tl (second) between the 1 periods T (second). 
Between the 1 periods T (second), after 2t puts out the light 1 (second) between first, 
1.5t lights up 1 (second) between, and 1.5t of lamps 2 is switched off for 1 second. 
Between the 1 periods T (second), after 0.5t puts out the light 1 (second) between first, 
1.5t lights up 1 (second) between, and 3t of lamps 3 is turned on 1 (second) between. 
Between the 1 periods T (second), after 0.5t lights up 1 (second) between first, 3.5t puts 
out the light 1 (second) between, and 1.5t of lamps 4 is turned on 1 (second) between. 

5t (the rate of duty is 20%) also of cases of (a) of drawing 6 of the period T of an 
inverter is also 1 (second). A lamp 1 is turned on between tl (second) after the putting- 
out-lights condition between 4tl (second) between the 1 periods T (second). Between 
the 1 periods T (second), the light is switched on between tl (second), and a lamp 2 is 
switched off for 1 1 second, after 3t puts out the light 1 (second) between first. Between 
the 1 periods T (second), after 2t puts out the light 1 (second) between first, the light is 
switched on between tl (second), and 2t of lamps 3 is turned on 1 (second) between. 
Between the 1 periods T (second), after putting out the light between tl (second) first, 
the light is switched on between tl (second), and 3t of lamps 4 is switched off 1 
(second) between. 

5t (the rate of duty is 10%) also of cases of (b) of drawing 6 of the period T of an 
inverter is also 1 (second). 0.5t of lamps 1 is turned on 1 (second) between after the 
putting-out-lights condition between 4.5tl (second) between the 1 periods T (second). 
Between the 1 periods T (second), after 4t puts out the light 1 (second) between first, 
0.5t lights up 1 (second) between, and 0.5t of lamps 2 is switched off for 1 second. 
Between the 1 periods T (second), 0.5t lights up 1 (second) between, and a lamp 3 is 
turned on between tl (second), after 3.5t puts out the light 1 (second) between first. 
Between the 1 periods T (second), after 3t puts out the light 1 (second) between first, 
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0. 5. lights up 1 (second) between, and 1.5t of lamps 4 is switched off 1 (second) 
between. 

As shown in the example of drawing 4 -6, brightness change can be made into lamp 1 
duty by carrying out sequential-scanning control of the OFF period of PWM. 

[EFFECT OF THE INVENTION] 

Since the PWM modulated light method inverter in connection with claim 1 of this 
invention has shifted the phase for ON/OFF of each inverter output corresponding to 
each lamp mutually, can make brightness change lamp 1 duty and can also make panel 
brightness change lamp 1 duty even when using a multi-LGT type back light, it can 
prevent generating of the poor beat accompanying high brightness change. 

Moreover, the PWM modulated light method inverter in connection with claim 2 of this 
invention Since the timing of ON of ON/OFF of each inverter output corresponding to 
each lamp within 1 period of an inverter is distributed uniformly Since brightness 
change can be made into lamp 1 duty and panel brightness change can also be made into 
lamp 1 duty even when brightness is not set to 0 and it moreover uses a multi-LGT type 
back light, generating of the poor beat accompanying high brightness change can be 
prevented much more effectively. 

[CLAIMS] 

1. The PWM inverter circuit characterized by shifting a phase and performing mutually 
ON/OFF of each inverter output corresponding to each lamp of the multi-LGT type 
back light concerned in the PWM modulated light method inverter circuit which drives 
the multi-LGT type back light which serves as the light source in a liquid crystal display. 

2. The PWM inverter circuit characterized by distributing uniformly the timing of ON 
of ON/OFF of each inverter output corresponding to each lamp of the multi-LGT type 
back light concerned within 1 period of an inverter in the PWM- modulated light method 
inverter circuit which drives the multi-LGT type back light which serves as the light 
source in a liquid crystal display. 



10 



[DRAWINGS] 



FIG 1 



(a) 



2- 


< -J * 




1 - 

v — 


— i — i 


_j i 






i 



7^1 

(b) 

0 



ON ^OFF'^ ON I^OFF^i 

a on i^off^ on v/Aftyzr 



_i i i i ■ ■ ■ ■ 



ON V/m'/A ON f%0FF%) 
t^OFF^j ON ^OFF^j ON mZ 



FIG 2 



(a) 

# 3 
0 



7^1 

(b) 

« 1 

0 



2 



7 A 



ON 



ON 



ON 



on EqffT 



_J , I I 



ON l<QFF<j ON £5f?T 



ON 



EQFF3 on E£ 



11 



FIG. 3 



(a) 

t. 
. m 4 

ft 1 
o- 

9^2 g 



'(b) 

t 



& 1 

0 



n 



FIG 4 



(b), 
* 1 

ft 



(O 
* 1 

ft 



(d) t , 

* T; 
ft 



- 
_ 

L — i 


« T > 




1 




i i i i , 


— ■ — i — i i i— i i i t_ 








l 


'A 


'A VA 


2 


YA 


YA vx 


5 


YA 


VA VA 


4 


XA 


M M 


- 

L — 




n r 




1 1 i 








L 




>//l Y/A 


2 


Y/A 


rs/x Y/A 


3 


Y/A 


xm 


4 


Y/A 


Y/A Y/A 


I" 






u 

1 ■ f f 


Ui i_i ■■ - 

— 1 — 1 — t — 1 1 1 1 1 l_ 








L 


///A 


///A V//A 


I 


V//A 


V//A V//A 


3 


V//A 


V»A V//A 


' '/I 


VA Vi 


>/A X///A 



12 



FIG. 5 
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FIG. 6 
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